¥ oae,] o s ol o b
aol e +YF Y ),_,L,

WROT-R 431)1

2958 Lo pule

gl b b G ol Ay ‘;o)bu/d/)’/,ali‘fu'b)éa&u/
}51 '5'31j e ).ZSQ o jlv swligo aatti' o/ 50

Pow ity g



Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

oolaiwl 3,90 glo 4ol sl

Ol ol 5y 940

295 axoy g aalip lojle
An ACI Standard
Building Code Requirements Ol 91 o b T
for Structural Concrete o
(ACI 318-19) (poo stinsass)

Commentary on

Building Code Requirements
for Structural Concrete

(ACI 318R-19)

Reported by ACI Committas 318

Olois-Lo o Sy i
b g i

‘*’—‘ O)M ‘hb

WeefaVfo) sl prg oy pol

doyT o gl el sl 219 T

ACI 318-19

Sl e g oy )59 el g plup juel i 2 glas

Uci } American Cancrete |nstitute st sofomdyele st e sceplovie el

\acl Awoys cetvancing aba.bhrec.ac.ir nezamfanni.ir
1Fee

ACI318-19 U= g5 s OF YOIV ialpg) VEr oL



Alireza Faroughi 29 lo e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

Gy ol 9y oolaiwl 040 axlpe o

NN

ACI Detailing Manual ~
Includes Downloadable CAD Files Sas v o) sl oj Lilss & 2] sl Glise

o glo,/ ACI318 = 19 pouxe

MNL-66(20) ( ac' B American Co"fffl,e |l.l?li‘t‘ut?

g




el sty

B Ols 9=lg

Alireza Faroughi
PhD in Structural Engineering
Assistant Professor of IAU. East Tehran Branch

=98l e
c}Lw‘sw.\J..Q:» ;“"’A""N&Sﬁs"
- FY% SUCA PR IV Y Y P L] KR PRY

oolaiwl 050 x>l S50

Design Guide on the ACI 318
Building Code Requirements
for Structural Concrete

A comprehensive guide to assist
design professionals on the design and
detailing of reinforced concrete buildings.

Based on ACI 318-19

CRSI Concrete Reinforcing
Steel Institute

> 1: Member Design GE:T} American Concrete Institute
g




Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

B Ols 9=lg

il Juad yuo

/ LJ"’L"")‘ﬁﬁ"JJ""Sm

8,k g3 g a8yl S Sl 7S 948k 90 5 43,k G sledls ()b Y
o o Sl ablie 5 o) 135 5ile) Y

b s )0 Ghomm -V

o o 1 ygileyl alog 5 5lee -0




Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

(o pas) P oS

2 e

IREEXVPRY L VU PR P N PR PL A P

0iSe Joodi 1) Ll i a8 a2l e jfes 5 b axs (005 I rpe alyie sl Gl 5D is @
038 Ll ok a5 5k o IS dloml 50 o 5 0 sl ol e wiltie v Sl 1y IS as e
Sl 5 ol (pby el wzge Djgo (pl ud )0 0l (agkas BB ete b a5 ol o 4 ol S s
s (o Sl po S
Sydae JPS o s eyl o d) 8 Ha jlad) sl )0 0 5a Son G o S5 T Ll e

19,00 3525 (g 59 o JPS sln

e it 8 205 ol b,
Sk ool amiloes by (nl opiie dgame )28 Sae S ey 18 gl 4 sl S S s aplos sl 2y By 0l 0
..L:.:L:\..:.o GJL...J _)L.'f""“'".’ 3 DJLJ.J




Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

3 gl ) Jolas $-Y-11-4
5LE.‘;J| as ;5!"“)'2‘: g2 iij LsLbLSJI"ﬁ‘JL’ s 9 \j}l&h lehol.a.;ﬁ*luu P o 1—9—"_“—%

!'J""?"'Lo"l.s‘j uﬂ]}' (;&Lﬁ'l] _3:3- l_:;d.:.u.tlsu ] .JIL.F"T: Y-34-14 de:?- Pl J.;.hLE.a j] Lﬁboi
Gl a1, byl b g anils Jate aais asle glojle e Olalad 4y ba,us ol a5 )] Lo 4

RELCJ P I L ESR N R IS FE SRt el

et

o5 a5l JBlas 1-0-1 Jaux

FV sbo:l L

y obsjl L s
éb.io C.‘a.w dL“"lf""-:S;

L~° ls J}.....ZS' 'j)!o S &3‘_‘ Li:‘.)‘ -Iii...us:.; aals dbngﬁﬁ j...Em
9 Q_, " U’“‘Q -l = -.j)b
Sles (nlple l
l l [ ) .
ORO (R 8 21 18.5 16
b s

TV s Conglin b (slajgile)] 5 (Jgone 522 sl Jgir jpolie ol 505 (sailod Sl Jobo Jgazr ;o [ iopas
Al ed3 YFY-11-2 5 YY1 -0 Lles ol s b glis) ol o3)lge sl gl il oo JISlylSo

0.4+ £, /700D 0,5 55 2k V-1 -4 Jgaz polie dasVss glail nlo ol Y-5-Y-11-4




Alireza Faroughi =98l e

PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl
Gyl So jl diwga sz.bjdjl A g LE'J.'.‘D L.ig_ﬂ s g2

N A~/

Dy odlaiwl ool gl olf aSll a4y bgye Cudgases jlasl ol alley SE o3l F1 @
(::.u..u‘ FJY L_é..:_'.l?.l‘u d..:;..u[_’.’r_o) ‘H_S salasl ésﬁ JE‘J‘-?' J1 WJJLJ.J GJL?J E L ! G n._éjl_'k_lo :J...:JLJ ..Ld.:i )'fj JB.E ;1 .

(el Y s 308 aidore) @S solatnd 358 oo e ladogled suSiie Jamd axd Jlai 056 5 1 @

(o )31 Oy 505 Js_E.:.o O35 e o555 o aolone| e B0 dmdne 1090 ha,

Ue)ﬁj)jﬁ-" ns“’)'z'ﬂ Olos @
Sledyind b o oolw yw g8 puf 1 e glp S 13 Fge ol Gloe S 25 30 e Jelse S S0
ralee Sy ) alad,
5Lt
A= ———
384E.1,



Alireza Faroughi =98l e

PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl
.‘V‘.".':V.“'
By ol yes ol (Ag) caas gloo Sl ol @

Oboe ane o g a3l ol (Fop) 0095 I8 adate il les cadate  n2aS gles Sl coalae ol b
(== 9o zed9) adee GRalil 325 Sge ooyl

() alaio glis)! @
Dgiae se oyl Gl azgd BB GLlE cose glan | ol

(L) o3 Jsbo @
e SR 5 8 IS0 8 sl Gl

@ yS poja b @
Aye ool Qlos (RalS rge ptae o] IS8 a8 2L o pe Logiine aSi0l pyogdle 25 )y, 8l
J\.!th J...ﬁ:lj").'u"}o LS“")'L" LJLME Ol " G0 O.JJE.":"J).T)J'J Lg).m ng‘,l.! &1ﬁ1bégﬁu¢&bio

(Ee) o iV Jooe  ®
g axsl ol o At Jaowe o (g lad Ceglie il Licd o o Las cieglie s o aneioY Jaoe
abee ui‘..mlf ).A::- azeais D



Alireza Faroughi =98l e

PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl
Sr5 ol 9=l 6)9‘ ‘bL?.

g = o 10 9 L)L 00 gamme) Soowdly giw¥! 4l

(curo (3599 S st o)l 5 L3 ST Ll it 5 205 J5S 30 JFse (owyial olos
o 50 S e e 5 Wlol alxe gl aS0) (S gl Al s s

4 (358 oo oy ML) o0
M I it %‘ ERTIag (Te) F5e oyl Slos
CT : :’
Mcr_ E g ,J’ | g'IF 2
| |
- IQ : ‘,’ | -~ | Mg < §Mcr IQ
O \“\ # | 3
= Lot Mg
% b Ie : -_;:]: ICT
£ . 2
F I | 2
| | 13 =M, Il
| | a| Ma?gMer | 1| 3p—¢-d D)
M X :
| ' >

(S lop oy 3B slayl e wily 5 S Sla S ok s gl Julos 0 ¥-V-F-F-4
oolauwl b 1) &1 Gl Ko puis polie )lgi oo iz ed Sged ooliiwl 141 Lad Lalgs 5l al

Yopoq Jpur 2
5 580 gy o Lo V-T-0-7-1 o el poas T jlade alp VE el les

-

Db a3 8 Jlai 3 g 5l 585 wls Jb e 0 jlade 0ges dpulowe wdal Cawd 4y (5,500



Alireza Faroughi
PhD in Structural Engineering
Assistant Professor of IAU. East Tehran Branch

». . &
| /. ]
-l s

B Ols 9=lg

Gross Section Cracked Transiormed Section

29 lo e
°}LW¢5-‘"\-;-¢:~‘° M‘"‘S);S,;
- FY% SUCA PR IV Y Y P L] KR PRY

S91oL

Gross and Cracked Moment of Inertia

b b
i I
kd
h d n.a
AS /- nAs
B3 5SSy | |

Without compression steel

. (n -1)A';-\ :

— Tkd] 5 B0
A.S na.
h d
A . NAg
= i |

With compression steel

n = E
E.
D -
(nA )
_ bh®
" =3
Without compression steel
kd = (J2dB+1-1)B

ler = bkd)¥3 + nAg (d-kd)?

With compression steel
=1 As/{nAs )

kd = [szsﬁ+rd'!d)+(1+r)2—(.1+f}]"3

r =

ler = b(kd)®/3 +nAs (d —kd)® + (n — 1)A’s(kd —d)?



Alireza Faroughi =98l e

PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

S91oL

(o Gl (ol g
M pd o)l sl SE V! Jlod ) eliael jlove glate a3 (o ol plow — (RN V-7 g0

ghate ghaw ! ples ol Ll g gie
0.71, Wy
0,712 02 80 ..5)3
- LQJIHJ
1.0A, 0.351, 03,85 S 3
0.351, a3
0251; Lﬁ:b‘;,lﬁ ﬁLﬁJ!J 3 — ;f;LﬂaJLJ
) ploe palie | =Y s
A5l I Jilos e s polie
0.8751 (0.8+25ﬁ)(1—ﬂ—0.5ﬁ) G35L, | jlais o i
' & A, P,h P, =g gt g A
Q;LQJL; sLm).'.'.'i
0.51, (0.10 + 25p)(1.2 — 0.2 ?W)Ig 0251, | @lajls 5o
=B




Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

B Ols 9=lg

o (el by cdl) Sl aez 5 (055) (K8))y 5l oib Slal S s H-Y-Y-14-4
P ©)9-0 )3 g 0dmal s 10 (LS i 4 STy pleg Jobo jo pduas (glael o
Lol 5 =i (ST oS il o po Sl 5 g0 5580 (Ll (sla s 3l eslizul

D y9] Caawsd 4y g o cpuaad (F-12-2) (gabal, 51 aS Ay co o o oSl

§

= 1+50p' (Y-13-4)

Ay

sl iglacsl B ST Ly el s il Tasy adakiv o8 o M0 Y38 gt 0" bl il 39
‘1!'451'5 GLEJL {_}Laj 4 d.:...u.!!g ﬁﬂ J‘u.\.i.n ﬁ:-‘.uﬂ[ (51 ﬂ)Ja L_sLﬂF' _}‘:’ HEA:SJ éh.ﬁ.a _,}‘: 9 "LSJ"""‘_)"‘"
:.hg.:.t a;)ﬁjé v-14-4 Jsd.? ﬁaLE.a Ll )._Jﬁ -.LLL: :f



Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

n s aal
Sy O 2>y o 5L o 4 diusly o T-14-4 Jguo

§ b ol
V/e ola ¥
VY ola 7
\/¥ obe VY
Y/e P gole £

Lo il 3o apnlome

9551 Ty i alaly Sl oty (35 51 SBK S st o Gl
Acreep= A X &ﬁ‘jbjh
e axb (el p co s opl Jake (0F = 0) 052 (il 8o o )Lad 5 Sl S5 licedel g o T sBh oo 355 wa o A
boog aelys o b 5l ol S s Sl ol o ab selys Ay = 2 pln (o & YW

Acreep= 2 X ‘ﬁﬁ.:u,,u

105 g0 48,5 A ;0 0ad) b sl gae 0 belyem 00y Jb il pwsige Diglas Ll p sells L laks

ﬂd‘j_\, JL.¢: &Dead+5'uper Dead+PartitiontyxLive



Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

1o g bd pd 30 50 puudi Codguxo F-Y-14-9

P edd et da polie jlaslila Jlo gla,s ,0 ead alul claylSe e V-F-Y-14-4

A8 5alad P11 Joa

Soro e e ,iSTan ¥-14-4 Jyuir

!H# .& =
Sl | 7 O s yas g1y
ol 2990
lojlo juf sliael 4y a8 e (slgals =)
1:?0 988 od 5,baSS | Lo T L iz Jaze
b ST 5 s Lael sl 50 (ol 0l S0 55 ol 2 Lo
B ai; cslﬁ‘_ll;' 51 MS":A.; Sl
{
360 LS 5,90 40 Yl uile -¥
e 3l Cua o
; JUasl 5l any a5 )\ LS‘“jL“U—:"HSL-‘a‘;l"H“S-u-!L&-&ShLHlf—T

.| i 80 losla yaé gLl gt ii%n (5,l0a S 1) Lasl L astes fate
o;.n.,.n -

yo-taie 098 o ol ol 53 el ol 5 Kon 0l GlSe yuis

- adlol : A5 alswl Lacl

il S 30 o

6lojlas -t slanel 4y 45 _LlgiS L Ll F
JE PRPRVEL SURSP R KL < R PN I FRNEL -y 508
oo Lael 0—11 o E.:_AT .':1._3} al_in Jove;

LV 0 pass) Sl

I 3 il sla)ls 3l
Yopms | 240 | wU ol i
Sl ouy gla b 5




Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

0,5 (55 gl (Slojlus o (slael s cpnsl Sl 5 059 (6 ,mihas SN Glgns & (5900 )0 Y 0 puaasd
Sr5 ol 9=l Sl tolial lei e |y Cusgame pl 45 bgyye

S jeleg slojlu yud Silakad (g )lo 19, a5l ks sud Cpass o —Y 0 el
5|._.¢=:|d._:‘_]|._.:=3'1 31J_,§4jul_iaJ_#ﬂjIMQ1JaLf-;:hjbd ali.u)._.:.i_‘idél.ﬂ—r 0 yuad

Lae! b_}_'l Ju‘ j,l do=s g J_.i ;ul_i.n J._::_t:i J..Elll.'; C.‘i'.:i:- LN !Jj-:'uﬁ I PR dl:aqj 5143[...1.}:&.

e

Glacusgame cole, )L 5 6 ) ¢ sSue b )Late glolozsl o Y-F-Y-14 -9
Bpdaa Al B Y110 Jgaz 5 F o ¥ slao,led
¥ Sl
s 25 S Jgb oS 5 30 Aliis s & (55120 397l T plaie gilies Sord 45T s 13-1
waily aglen 5 ity po7 3T Slat 3 a3 b 51 G5 T JKyedd 30.006 1y dayl 52
ke axr Tagas s2a glue cmms g1 a3 o ST (Sl 3 Jhov 03 1 iy itajhyd (GFolaif it
Sy aalizual 35 5253 Jlalad glidy; 51 9ulf oyh tad aalys

15.5 ¢f 6.0 (v 77 (¢ 9.5
A, =AX5 x5 =7.69mm ¥ oaxy§

S ~ 1+ 50 x 0.006



Alireza Faroughi
PhD in Structural Engineering

Assistant Professor of IAU. East Tehran Branch

=9y Lo e

03w (o iigen (a5 S

B oy alg oSl 3131 oKl Hb sl

1% oldoma

Iy gl ples G151 e 8 ailbs Jebo 4y ool aelFansT L plue (i i adado —TA
ler = SOX10° mm* ply 00,055 5 adafie (g yl yleo 8 Te= 120X10° mm? ol p 00 5950
i otloule gl (i oyj9 Jold) 20 KN/ S 19380 00 5 00 po 3l amd pui by o8
il a3l ol 99 a3 S 19 03 g 03 30 b 1l oo 8 MM il s Tanwy )0 S
s ias R il a3 1) (S5 5 Kaolulf 41 55 (gl D) T bl
(o9 (29 Mor=80 kN.m yly yu ahie 53,55,

otsre S| o) Fae oy Do
2
Ma < §Mcr 1.9
ICT
2
M.>m %Mﬂ‘ L
S R I S




Alireza Faroughi

Il ':V.“'

B Ols 9=lg

PhD in Structural Engineering
Assistant Professor of IAU. East Tehran Branch

LS Le,—le
O}Lw‘sw»\;.éib M‘"d)j_f;
- FY% SUCA PR IV Y Y P L] KR PRY

s Lo 16,8 e cgoer awls u#:‘:l L E—Hb‘l

toalee Rl mlalle (Sge eyl Glee aons o g andl gold 53 (M) LS a0yl S wadi o)y )l palid b

>IE:

gl? 20 x 82 3
Mg =g =% = 160 kN.m
M. =80kN.m
I, =120 x 10°

I..=50x10° )
gl 40 x 82 \
Mg =—=—3 = 320 kN.m
M., = 80 kN.m
I, =120 x 10°
I =50x10° )

>IE:

L i Y-S g PRV, S FUNSIVIY 3| R PRI ESN

50 x 108 Q
(2/3)%x80Y 2 SOx10% % 53.46 X 10
1= ( 160 ) (1 N 120x1ﬂ8)
AOENN 00 o L 202 (330 pm il | lows e
50 x 108 A,
(2/3)x80Y° SOX10° Y 508 x10
b4 b4
1- ( 320 ) (1 N 120><1ﬂ8)

1093 allsd Lalhs 90 5l A peo adla 0 55 lodle a0 5 wule A2l adaile i lee L 20l8 5l s ol A

53.46
50.8

ﬂﬂ,a ol ﬂJ3| i X

(24, ., x21=8x21=168mm

5qL*

q,L sl A=
384E,

\




Alireza Faroughi =98l e

PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl
ﬁc:“'
S olys =l e

g bl 33 (g 5adeny pui glole am al3dl o3 2 palld b coond sl (SOl b prkuna (s 1o (sl - Y-
Po51o yoi oy 30 G JSB s a4 Jloj Sy
Tt A gl ()
kS yaile,l lads (Y
Ot o5 b Zaaglaa (Y
8 le)) s (F

Fasy 38

G e I 5%
ragleo 10 @led Sawy 50 o poils U 3 80U ST S0 0d) Azl cplane o3 pod Sy 40 -AY
Silg g0 Jlade Ay Tis alaii ylam 33 JLo 6§ ot gallo 5Ll 3 (B pad JS IS pmai bl
A g Ll seitayl Jlada 5l g 39b el solinnt 1330 Lidad gla by 5l Solemlona y0) fally

{038
Fagheo 30 (F Faghen 10 ¢ o e 20 (¥ Fasheo 15 0
Tk
A=A —|—ﬂ‘__:1D+Llﬂ:10+2><10:3[)mm

R L -} 1+ 50p’



Alireza Faroughi PP Wy V- SR 1

PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl
v &, ‘ o »‘ "
o O O (o)) oyl d-11-1

a8 oy Kus yolis 5 b L) Ghiins b azes slesosy ais  JB zolaw a5 olo s g lais

WHIJM Q:’L“;)Ij UL)).Jd_.lual}ds-BSL..\iL ‘mu‘\..'*’ﬁl)(‘-ﬁ)b l)u:.lL:.:;J! t;mlﬁ.n&:.au

A PoOBI=RE G5 o8 e YT ile 5,55 ol il o8 o 5l 36 sla b ki) s sla b ) ol
s Ladls Laaz ) LaciS Slos Guils 3 jslate cpay wish (>l (ol 2l 5 a5l

wlad olool W58 ol )l il jo 1) o8] cawlus JBlas a5 ail glojlail s b (o0
Jodzr ;0 0ol g i polde 3l wld alize log )5 (olp S (gloygo (uils )8 JSlas

20l S F-19-4
(f) s gloygo w5 3 Jiloo S ey

f=5Hz S8l 5 (g (sl ylens L
f=4Hz lolKig b — 6 low (slalozsLu
f=4Hz b sla Jazo b olelas] slagIle

f =85Hz ol s Jane e olelaza! sl
f=95Hz 329 3 Setmlio) glo o Aol e
f=4Hz PR




Alireza Faroughi 29 lo e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

il Glos (3ged jslate b cDlalad (55,53 S 5 STl dacaS Al gl oyg8 uilS 8 (samlxe o
255 B azgi 0)50 S ki (gdanlos 10wy (g (S0 g 0350 gla)l b Blis dp 35
a2 (539) 95 o0 (258 (slld A5 05 o)l 5l (i g 00,e Slajl Sl 4 bgiye b SIS s

23,5 o0 ke B Jladie plp VYO (2 (Soalins (o] i p2 5 0992 (L

Sy oyt 5B sloyl e il 5 ST Gla S e et 6l Jedos o Y-Y-FP-£-4
oolail L1y ST sl IS i piolae ()lg5 oo iz Dged oolaiu] 18- Lad lalss 5wl
el F 330 oy, o Lo VY0P any Gelul oS T jlade plp VT pwyil ples

Db axd i o Iy 5l 58,5 wls Jl e o ] lade oges il 0ol Cawd 4 (5,500

Dges oolazwl (F-12-9) sabal, 51 olgi oo of cslo,90 uilS B sl (sl

f_ 18 45 0uy Jls 5 ot g 00ym b il o S Ao W88 St e et Ajs ) 5 a5 (? \a q.)
\/E il o 3 ym Ml (5laygo il B f g (e s o 1) 3pd e 28 (el

(19555 08 yiunS )t b ) (oS 9 510! ylois L uils 1 (5,10 >
1599 w95 yowdeo (VW 1) WW.AF s AlS jluiie




Alireza Faroughi PP Wy V- SR 1
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

B Ols 9=lg

Ledl>

(ribbed slab) I & J3' b ylo 4z ' I



Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

W

L XA

AV

-

) - s

(8 3%)  flatplate —3 Jis L
two-way slab with beams 3+ Jls

Sgxo JIo
Flat plate voided concrete slab

4

AN
UL AL

i flat slab O & 3 gt Jls
waffle slab ¢§...... Jla s '

drop panel

s
=




Alireza Faroughi PP Wy V- SR 1
PhD in Structural Engineering 03w (o dien cuaS (G 5SS

Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

R

M—— y
Wl Ity

B Ols 9=lg

Aé)bsbg AB)L\S,I.JL)
bl andls o8 4,55 (b, SO Syl g0 j0 Less (0SS 5 ) odl adlo of S B,k L 2 0 aSyl gl JIs ST
g8 adylaSy JIo ol area2ls ¥ 5l s o] UBse s Jsbo s g ot aztls o8 0S5 ez 510L

mp,ld (5 asS) L5 ad g0 0 g5 ias,b K o alo (o8 auSS) 15 ad g y2 018, g0 Jlo



Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

Gt s ol sa s (ONE-WAY) ad, ks G & g0 as o oilee Seammd o] Bl 0 s ohdttiine 2o ar 2l o5 4S5 gl foad F oo Jlo 45 52 50
oy 5 T el g0 50 Less 5 las L8 o il Samnd 50 C g5 j0 uo)lo (tWO-WaY) ad)lo g0 e o sl g0 y0 5o

(a) Deflected slab strips.

Deflections
Aq

Moments

(b) Strip A.
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24.4.3.2 Minimum shrinkage and temperature reinforce- " "
ment is 0.0018 of gross concrete arca. Divide this 0.0018(12 1n.X(10 1n.) =0.108 in.” in each face
amount equally between the two faces. 2

24433 Bar spacing should not exceed 54 or 18 in. 5(10in.)=501in. 18 in. controls

No. 4 bars at 18 n. o/c:

A;=(12in/18 in.)0.2 in.* = 0.133 in.’

Volume 2: Special Topics Use No. 4 horiz. @ 18 in. each face = 0.13 in.2+

; 0.13 in.?> =0.26 in.? and No. 4 vert. @ 12 in. in outside
MNL 17(21) face=0.2in°>>0.108 in.”
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(a) Flat Plates (without drop pancls) (b) Flat Slabe (with drop panels)

Figure 10-4 Minimum Thickness of Slabs without Interior Beams (Grade 60 Reinforcement)
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James K. Wight

REINFORCED
CONCRETE

MECHANICS AND DESIGN

2. Select the slab thickness and beam size. The slab thickness is chosen to
satisfy deflection requirements once the beam size is known. If ay{,/{; exceeds 1.0
for all beams, all the shear is transferred to the columns by the beams, making it un-
necessary to check shear while selecting the slab thickness. If there were only edge
beams, the minimum slab thickness for deflection would be governed by Table 13-1 and
would be £,/33 = 8.181in., based on £, = 22.5 ft. To select a thickness for a slab with
beams between interior columns, the thickness will be arbitrarily reduced by 15 percent
to account for the stiffening effect of the beams, giving a trial thickness of 7 in. Assume
a beam with an overall depth of about 2.5 times that of the slab to give a value of a; a
little greater than 1.0,
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(Using the Same Concrete for Beams and Slabs)
Computing «a, for Long (Horizontal) Span for Interior Beams

I, = gross moment of inertia of slab 20 ft wide

= (%2-) (12in/ftx 20 in.) (7 in.)* = 6860 in.*

I, = gross | of T-beam cross section shown in Figure 16.8
about centroidal axis = 18,060 in.*

_Ely _(E)(18.060in.")

e =263
VUElL (E)(6860 int)

24
leflfszl =2.63X 2—0 = 3.15
: ’00: *
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CODE COMMENTARY
Minimum
Strip | Location A at Without drop panels With drop panels
section
4 ta 0.304, . 0.304p 414 0.334, . . 0334, 414
N | | |
Top 0.204, “— Not | I0.20€n 0.20€nl | 0.204,
) L 1 less | ! | =
Remainder | | than | ‘ | Not less 1
Column S 5d— | LS | than 5d e
strip A 150 mm | | 150 mm Tt
-1 | | | T
1 | | f ],
| l/ :
Bottom 100% np Z,ﬂ\t least two | Splices shall be | V/Continuous
, bars or wires | permitted in thisregion | bars ,
‘ shall conform | I ‘
| to8.7.4.2 | |
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(Reapproved 1999)
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Table 7.1 (Continued)
Matching Filler Metal Requirements (see 7.1)
Material Welding  AWS AS Electrode
Group Steel Specification Process Specification Electrode Classifications” Additional Comments
SMAW AS5.5/AS5.5M E8015-X, ES016-X, EBOIS-X
AS5.2B/AS28M ERBOS-XXX: EROC-XXX
. b Low Alloy Open Classification”
GMAW AS3I6/AS 36 ERNTX-XAN_X
ASTM A706 Grade 60 GTAW AS2B/AS I8M ERBOS-XXX. EROC-XXX
H ASTM AT06M Grade 420 AS529/A529M ERXTX-X, EEXTX-XC, ERXTX-XM
Low Alloy Open Classifications®!
FOAW o ) ESXTX-CIAX-X,
AS36/AS JOM EEXTX-MIIAX-X
ERXTX-XAX-X
ERXTX-AX-X
SMAW ASS5/ASSM E9015-X, E9016-X, E9018-X, E9018M
AS5.2B/AS/2BM ER908-XXX; E90C-XXX
GMAW - i Low Alloy Open Classifications!
ASI6AS JOM" "
'} & 5
ASTM 615 Grade 60 GTAW AS28/AS IRM ERSOS-XNXX, EQOC-XXX
i ASTM A615M Grade 420 A5 29AS20M EOXTX-X, E9XTX-XC, ESXTX-XM
Low Alloy Open Classifications®
FCAW : EIXTX-CIAX-X
EOXTX-XAX-X
EOXTX-AX-X
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(a) (b) (©) (d)

(A) Cast-fnr anchors: (a) hex head boit with washer;
{b) L-bolt; (c) J-bolt; and (d) welded headed stud,

o drdls i C
o& e - e ﬁ |
(1 i é =
i
@ o (e1) (c2) " (@ (e)

(B) Post-installed anchors: (a) adhesive anchor; (b) undercut anchor;
{c) torque-controfled expansion anchors [{c1) sleeve-type and (c2) stud-type];
(d) drop-in type displacemeni-conirofled expansion anchor; and (e) screw anchor.
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(1) Stee! failure {if) Pulfout (1) Concrete breakout
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Single Group
{tv) Concrete spiitting (v) Side-face blowout {vi) Bond failure

(a) Tensile loading
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{i) Steel failure preceded {if) Goncrete pryout for
by concrete spall anchors far from a
free edge

(i) Concrete breakout

(b) Shear loading
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Anchor
reinforcement |
/ I /:‘ /] | : /1/
{ 4 4
< 0.5hy { —-— "J £ 0.5h L— \Zﬂmchor reinforcement
Eflevation A placed symmetrically
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iy Sl sl group reinforcement
_ . _ ‘™—Bars effective
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reinforcement reinforcement
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(@) (b) () (d)

(A) Cast-in anchors: (a) hex head bolt with washer;
(b) L-boft; (c) J-bolt; and (d) welded headed siud.

All-Thread Bar Pigtail Anchor
w/ Plate & Nuts L-Bolt J-Bolt w/ 10° Bend
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N, = 0.9f/end, 17.6.3.2 Basic single anchor puliout strength, N,

Lgt 3d,<ey<4.5d, Qi JERLY
{(b) For J- or L-bolts, Np shall be calculated by:

J_lru.had_ﬂjaﬂ:hu_a_usdﬂull_ﬁ:'wi__lruu_:m a?iﬁ'lh'je"pil-e)lﬁh;}@jhﬁ

S Sy b b 090 a2 e sl 3550 el toles] N, = 0.9f"e)d, (17.6.3.2.2b)

PR < X O 1PN

where 3d, < ¢; < 4.5d,.

Nua

{11} Pulfout

@‘Muiﬂ-’
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reinforcing bars reinforcing bars
via bond

N\

Sertcar ) ﬂ’ ﬂ forces transferred
Coritical T T post-installed = directly to CIP

7 (7

¢

ALY

CIP
reinforcing
SN bars

transverse

reinforcement limits.

width of splitting
cracks;

< bond/splitting

failure controls

anchor capacity not

Section A-A cone failure

#—

(a) Reinforcing dowels designed using anchor

(b) Post-installed reinforcement designed as a lap
theory as addressed by this criteria.

splice (not covered by this criteria).
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“Anchor theory”

“Design of rebar as an anchor”

“Rebar theory”

“Design of rebar as a rebar”

TP VTP bbb Y Y YV YV VOV Y VYV TE VYT Y ! AAAdA2l122aaaladddddl el il dliT]
Crack |

S

- -

Fost-installed rebar/

| hartar

L | < Concrete



Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

(0> (5955 (o pp) ok LT jlgo 5090 Ceonndd

e

T T R T L

L O R ol S T L W, Y

Overlap joint at a foundation of a Components subjected to bending
column or wall moment and compression
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“Rebar theory”
Post-installed rebar

“Anchor theory”
Bonded anchor

Load on the bar

Tension {roughness of joint critical for the
shear transfer)

Tension, shear, combination of both

Load transfer mechanism

Equilibrium with local
or global concrete struts

Utilization of concrete
tensile strength

Failure modes

Steel yielding, pull out, splitting

Steel failu re,[concrete cone failureJ pull out,
splitting

Design steps

1. Calculation of steel reinforcement
2. Calculation of required anchorage length

1. Calculation of all characteristic capacities
2. Determination of minimum capacity
controlling failure anchorage

“Result of theory application”

[Anchorage length (I, ,)

Capacity of the anchor (Ng,) ]

Minimum concrete cover
(min (spacing; edge distance))

According to EC2

According to ETA

Allowable anchorage length

lp min 2 Max(0.3lyqq,,4; 10¢; 100mm})

4 =1, i, = 209

Concrete

Uncracked/

Cracked/
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{E) reinforcing bars :
(N) post-installed
A reinforcing bars

| .

{N) cancrete

(E) concrete

Roughened
surface, Vi-in.
amplitude

|
'::f.;pfrce

=l

(E) reinforcing bars

Section A-A
E (N} post-installed
& reinforcing bars
":If 8b 2 Spmin
L i —-] ‘-w—— [ACI 318 rules for non-contact splices
LY
. e J x T \. 3
T ® ®
<> (E} concrete
® ® ® *
. . .

[ Cp = Cpyin
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G _ Coi & 1.5hy

1,50,

1.5h

| If ¢4y and ¢ < 1.5h
If ¢4 < 1.5h and &, and &, < 3h4
Anc = (Cq + 1.5hg) X (2X 1.5k, Ape=(Ca + 8 + 1.5h0 X (€0 + 82+ 1.5h,9)
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Cna 84 Ca
Pfan view

if €44 and €4 < Cpyy
$1 and sp < 2Cpa

Apa = (Cyg+ 81+ Ca1)(Cyg + S + Cpp)
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HIT-HY 200 + Rebar 25mm no supplemental splitting reinforcement present

et act = 500 mm (hyg iy = - mm)  cracked concrete, C35/45
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3.1 Steel Strength Hloe OV 48 Ciaglioe —call

N.. =ESRvalue referto ICC-ES ESR-3187
d N,z Ny, AC|1 318-14 Table 17.3.1 1
Vari
ASE,N [mm2] futa [N_{mmz]
491 550.00

Calculations

N, [kN] N, =491 x 550 = 270 kN

270.000
Results

N.. [KN] o O\ O st o No, [KN] Ny [KN]

270.000 0.650 1.000 175.500 100.000

v
(sl 00 o3 = VO yydy UK e |

@N,, = 270 X 0.65 = 175 kN

:)LQA ;i.a Jyes wsl.u
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3.3 Concrete Breakout Strength

A
Nchg e LI"ECNLIJEleIJCNlIJCpNNb
¢ Nchg z Nua
Ay, see ACI318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
Ayg =9 hgf
1
lUEC,N =( zeN) =1.0
" 3
Ca min
waon =07+03 (3 Shef) <1.0
Weon MAX( 2 1. 5h9f) <1.0
Cac

No  =kchs ‘/_chef =7 x 1 x V35 x 50015

. = 463 kn \
Variables

hg; [mm] €N [mm] B [mm] Ca min [mm] Yen
500 0 0 oo 1.000

Calculations

Ay [I'I'I'I'I2] Aup [mm2] Wenp Wea N Wadn Wepn Ny [kN]

3,062 500 2,250,000 1.000 1.000 1.000 1.000 470,559
Results

Mo [KN]  concrete [ — W o nductile i Mg [kN] N, [kN]

640483 0.650 0.750 1.000 312236 100.000
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Cat | B 1.5k,

—~

ANc = (2 * 750 4+ 250)2= 3062500 mm?

Ayc 3062500

PP Wy V- SR 1
o)'la.v JECTSY) io ’_@.,p;:‘ 3y ‘5);:5‘>
- FY% SUCA PR IV Y Y P L] KR PRY

R sPg e (SBnS Cuoglie —o

1.5hg,

1.5k,

1,5hgr 1.5y

ANco = 9h,;* = 9(500)% = 2250000 mm?

1.36

Nchg = ANC

Anco 2250000

AE) Woon Wean Wen woonNo  EEERD 136 x 470.59 ~ 640 Kn

640X 0.65x 075 ~312Kn | mmmp 312 0.45 1

4%x175



B Ols 9=lg

Alireza Faroughi

PhD in Structural Engineering
Assistant Professor of IAU. East Tehran Branch

3.2 Bond Strength

N
b Nog 2Ny,

— ANa N
ag - A Weet Ma Wee2Na WedNa ch,Na ha
RE

=98l e
c}Lw‘sw.\J..Q:o M‘"‘SJ;S;
- FY% SUCA PR IV Y Y P L] KR PRY

/00 . Aot
O gy Sglie —

Ay, =seeACI318-14, Section 17.4.5.1, Fig. R 17.4.5.1(b)

ANaD = (2 '::Na)2

— T uncr
¢y, =10d, 1100
1
Wec,Na= 1+e_N =1.0
Chia

Wed Na = 07"'03( amm)

LIJ,:F, Na = —_ MA}(( amln

_a)«:'ID

Nba  =Aa Tie UfN,seis 1 dy e iomlesl olul 00,956 9 00,95 S5 T Siwgm lpetas polio
Reinforcing bar size
DESIGN INFORMATION Symbol | Units
10 12 14 16 20 25 28 32
e mm 60 70 75 80 80 100 112 128
Minimum Embedment Buimi (in) (2.4) (2.8) (3.0) (3.1) (3.5) (3.9) (4.4) (5.0)
Mo EriBadriEnE A mm 200 240 280 320 400 500 560 640
=m ] ) (7.9) (9.4) (11.0) (12.6) (15.7) (19.7) (22.0) (25.2)
T | Charactenstic bond. MPa 74 75 7.5 75 7.5 5.8 5.8 59
g strength in cracked Thor ) i
5L | concrete (psiy | (1.075) | (1.080) | (1.085) | (1,080) | (1,005) (840) (845) (850) |y
ar .y
a 2 | Characteristic bond MPa 10.8 10.8 10.8 10.8 10.8 10.8 10.8 108 |
S € | strengthin Fiias . I
~'o o uncracked.concrets o = = = o RSl L 0360 _(L360) L 0360 | _(L5E0L L 0360 | (L560) L 0.560) | (L5E0L
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increased by a factor of (f. /2.500)" ' [For SI; (f. /17.2) ’]'» 10.8 * ( 35 )70.1 ]

Variables 17.2
T k.cuner [N."mmz] da [mm] hef [mm] C4 min [mm] Gloverhead Tke [N,"mmz]
11.59 25 500 © 1.000 6.23
€ ik [mm] ecE,N [mm] Cac [mm] A a O seis
0 0 812 1.000 0.850
Calculations l
Cna [MM] A, [mm?] Ay [mm?] Wed Na } .
308 748,878 378,689 1.000 aS loy,) Cawglae uals |l i
Yoact Na Y2 Na LI"c:p,[‘da Nba [kN] é}, U”‘ LS‘)J QS‘L.Q J)‘
1.000 1.000 1.000 207.811 ! D490 o
Resllts \
Nag [kN] ¢' baond ¢' seismic ¢' naonductile ¢' Nag [kN] Nua [kN] \
410.956 0.650 0.750 1.000 200.341 100.000

LT 5T g Y- VA s

o)) Cwglie Al u s
YoY-A- VAR o illae (o

11.59

Cyg = 10d, | == = 12.35 x 25 = 308 mm

7.6

5.8*(35/17.2)70.1

il azgi b0 )e56 S5 g 00,95 S5 T polie
Sl a8l o138 (YWY G YO) (yo Coglitn
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ANao = o
/ (i (Siwsey Senslio g
CNa
@ | ANao = 2Cy,* = (2 * 308)%= 379456 mm?
CNa
1 Ay, 749956 o7
e Anao 379456
Plan view
Apao = (23!1.'3)2
A 1.97 x 207.8 = 410 Kn
~ —

Ca2

ﬁ 410 X 0.65 X 0.75 = 200 Kn

L)

ANa = (2 * 308 + 250)%= 749956 mm?

-~ Cra

Cna s1  Ca 200.341
) =~ (0.3 1

Plan view 4%175




